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EXECUTIVE SUMMARY
In this study, we analyzed data from three successive campus travel surveys in order to 
estimate the effect of University campus population and policy changes (e.g., parking 
restrictions) on campus mode shares and campus-generated vehicle miles traveled. We 
also compared survey-based travel data to other sources of transportation data, such 
as vehicle counts and mobile device data. Finally, we compared alternative methods for 
estimating greenhouse gas emissions from travel survey data. 
Based on the analysis of survey data, the total vehicle miles traveled was 53.63 million 
vehicle miles, with 98.7% from gas-powered cars and trucks, 0.6% from electric cars 
and trucks, and the remaining 0.7 percent from motorcycles. However, comparison with 
mobile device data (provided by Street Light Inc.) highlights the problem that the survey’s 
emphasis on commute trips (those that occur at least weekly) neglects infrequent, but long 
(100+ miles), trips made by visitors/invited guests to campus.
Results from successive surveys suggest that cohorts of students (e.g., the class of 2018, 
who were first-year students at the time of the 2015 survey, and fourth-year students 
at the time of the 2018 survey) become more car-dependent and moved further from 
campus as they age, i.e., from their first year to their fourth year (note that this was not a 
true panel survey: successive surveys sampled from overlapping populations, but did not 
include identical groups of survey respondents from each cohort). This effect would not 
necessarily result in increases in overall increases in driving over time, since the oldest, 
most car-dependent group (fourth-year students) graduates each year as a less car-
dependent group (first-year students) arrives. However, the results of successive surveys 
also suggest that younger cohorts of students (e.g. the class of 2021 relative to the class 
of 2020) are increasingly car-dependent. For example, second-year students in 2019 had 
about the same commute distances on average as did the previous year’s class of second-
year students, but they were more than 30 percent more likely to drive alone to campus.
The share of first-year students driving alone to and from campus was reduced by a 
restriction for first-year students on on-campus parking. Based on studies suggesting that 
experience with alternatives to driving alone makes people less car-dependent later in life, 
it was expected that this first-year reduction in driving might persist into students’ second 
year, even after the restriction on on-campus parking was lifted. However, this was not the 
case. In fact, second- and third-year students in 2019 were more likely to drive alone to 
campus than second- and third-year students in 2018 were.
Total GHG emissions were estimated using two separate approaches. The first used 
aggregated emission factors, and the second used emission factors that had been 
disaggregated by speed and vehicle model year. The disaggregated approach yielded 
estimated masses of equivalent carbon dioxide emissions that varied by about five 
percentage points higher than the aggregated approach. Regardless of the approach 
used, students using gas-powered vehicles are consistently found to be the largest total 
source of commute-related greenhouse gas emissions on campus.
Mineta Transportat ion Inst i tute
2
I. INTRODUCTION
MOTIVATION
The Greenhouse Gas Protocol divides institutional greenhouse gas (GHG) emissions 
into three scopes: Scope 1, Scope 2, and Scope 3.1 Scope 1 includes direct emissions 
by the institution, including on-site fuel combustion and emissions from vehicles the 
institution operates; Scope 2 includes indirect emissions from the consumption of 
purchased electricity; and Scope 3 includes other indirect emissions from outsourced 
activities and employee commuting.
A recent study has found that 52 percent of GHG emissions across Scopes 1, 2, and 3 
generated by the campus of California Polytechnic State University in San Luis Obispo, 
hereafter referred to as Cal Poly, are from transportation sources.2 In recognition of 
these impacts, the university is taking several steps to reduce the vehicle miles traveled 
(VMT) generated by the university. These steps include: (1) traditional travel demand 
management (TDM) programs to encourage students, faculty, and staff to commute by 
alternative modes; (2) the development of student-housing facilities that incorporate 
elements intended to reduce dependence on travel by single-occupancy vehicles; and 
(3) policies restricting student parking on campus, including for on-campus housing 
communities. The challenges and steps being taken to address these challenges are 
not unique to Cal Poly. For example, in 2003, two separate studies surveyed several 
university campuses, finding that universities have a unique potential to encourage 
students, faculty, and staff to commute by active modes and by public transit.3 Since that 
time, researchers have described the rationale behind—and obstacles to the success of—
higher education campus travel demand management programs, such as at University 
of Florida, University of South Australia, and University of Connecticut.4 
Several researchers have used campus travel surveys to predict or estimate the effects 
of such programs, including at the University of Maryland, Ohio State University, UNC-
Charlotte, Kent State University, California Polytechnic State University, University of 
California at Berkeley, University of Western Australia, Old Dominion University, and 
University of Southern California.5
This study builds upon those previous studies, in particularly the study completed at Cal 
Poly, and adds to them in two important respects.6 Firstly, while the studies cited above 
relied on a single cross-sectional survey, this study uses multiple surveys in order to 
document campus travel patterns before and after significant changes in campus parking 
policies and on-campus housing supply; these changes presented a natural experiment, 
allowing us to infer causal connections between travel behavior, policy, and the built 
environment, which could not have been inferred from the results of a single, cross-
sectional survey. Secondly, this study supplements the travel survey data with additional 
data sources, including a cordon count of vehicles entering and exiting campus and 
analysis of mobile device data.
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Introduction
PROJECT OBJECTIVES
This project has three primary objectives. Firstly, it seeks to determine the effect of campus 
parking restrictions on campus mode shares and on campus-generated VMT, based on 
the results of three successive campus travel surveys. Secondly, it seeks to compare 
traditional survey-based travel data to other sources of transportation data, such as vehicle 
counts and mobile device data. Finally, it compares alternative methods for estimating 
greenhouse gas emissions from travel survey data.
REPORT ORGANIZATION
Chapter 1 introduced this study. Chapter 2 discusses changes in campus travel across 
the time period included in three successive campus travel surveys. Chapter 3 provides 
analysis of mobile device data in conjunction with traditional tube counts and estimates of 
trip patterns though survey data. Chapter 4 compares the results of alternative methods 
for estimating GHG emissions from the data. We report conclusions from this work and 
suggestions for future research in Chapter 6. 
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II. CHANGES IN CAMPUS TRAVEL
One of the primary questions related to studying the effects of the built environment on 
travel behavior is the question of residential self-selection: whether people make particular 
transportation choices because of the characteristics of the places where they live, or 
whether they choose to live in particular places because it allows them to make the 
transportation choices they prefer.7 College campuses offer opportunities to study these 
questions because universities can constrain students’ residential location and commute 
mode choices through parking and housing policies. 
During the 2017/2018 academic year, California Polytechnic State University, or Cal 
Poly, introduced a policy prohibiting first-year students living on campus from parking 
on campus, severely limiting car ownership among first-year students. Smart and Klein 
have found that exposure to an auto-light lifestyle during early adulthood can result in 
lower rates of car-dependency later in life.8 This policy change thus provided a test of 
the question: can one year of restricted car ownership result in lower car-dependency as 
early as the following year?
This chapter presents our analysis of travel behavior changes across the 2014/2015, 
2017/2018, and 2018/2019 academic years, among students, faculty, and staff who 
commute to campus, based on three campus-wide travel surveys. We examine the 
question of whether observed changes in travel behavior could be attributed to any of four 
potential explanations (which are not mutually exclusive):
1. Immediate effects of a 2018 campus parking policy change that newly prohibited 
first-year students living on campus from parking on campus; and
2. Lasting effects of the above policy that persist as the first year students who had 
been prohibited from parking on campus enter their second year.
3. Changes in the habits of the individuals commuting to and from campus (unrelated 
to changes in parking policy).
4. Replacement of graduating students with incoming students with different habits 
(unrelated to changes in parking policy).
DATA
This analysis draws on data from three campus-wide travel surveys were conducted by 
three different teams at Cal Poly between 2015 and 2019. The first survey was conducted 
for the Cal Poly Facilities office as part of the development of the campus climate action 
plan by Cal Poly’s City and Regional Planning faculty, from June 9 to June 21, 2015. The 
second survey was conducted by the authors of this report as a part of this research study, 
from May 29 to June 8, 2018. This research study was initially intended to include a third 
survey during the 2018/2019 academic year, but upon learning that Walker Consultants 
was already planning a campus-wide transportation survey as part of their work on Cal 
Poly’s Parking Master Plan, the authors chose to use data from that survey instead. The 
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Changes in Campus Travel
survey by Walker Consultants was conducted from January 22 to February 1, 2019. For all 
three surveys, invitations to participate in the survey through the SurveyMonkey platform 
were sent by email to everybody with a Cal Poly email address.
Table 1 summarizes the dates and response rates for each of the three surveys.
Table 1. Survey Dates and Response Rates
Survey 
year Survey administration dates Reference week
Total Campus 
population
Total Survey 
Respondents
Response 
Rate
2015 June 9–June 15 NA 22,898 4,272 19%
2018 May 29–June 8 May 20–May 26 25,170 2,625 10%
2019 January 22–February 1 Most recent 7 days 24,969 2,809 11%
The three surveys included overlapping but distinct sets of questions. All three surveys 
asked respondents to indicate the usual transportation mode they use to commute to and 
from campus by selecting among several options from a list. The wordings of this question 
for each survey year, and the corresponding response options, are given below. 
• 2015: Thinking about your commute as a whole, how did you usually travel during 
the spring of 2015. Just so you know, we call this your ‘primary mode.’
o Bicycle
o Drive alone
o Drive or Ride with Others (Carpool / Vanpool)
o Public transit (Bus)
o Walk
o Other
• 2018: What means of transportation do you usually use to travel to or from campus? 
If you usually use more than one mode on your commute, select the one you use 
for most of the distance.
o Walk
o Bicycle (including electric bicycle)
o Skateboard
o Motorcycle or scooter
o Drive alone
o Drive or ride with others (carpool or vanpool)
o Get a ride (someone drops you off and continues to another location)
o Bus
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Changes in Campus Travel
o A ride-hailing service (such as Uber or Lyft)
o Other
• 2019: How do you most frequently travel to and from campus?
o Driving along
o Carpooling
o Vanpool
o Getting dropped off
o Motorcycling/Motorized scooter
o Bus
o Cycling
o Walking
o Ride-hailing (Uber/Lyft)
o Other
All three surveys also asked respondents to indicate the closest cross streets to their 
home to enable analysts to calculate respondents’ commute distance to campus. The use 
of cross streets is specific enough to indicate the distance a survey respondent lives from 
campus, but unlike a full address, protects survey respondents’ anonymity. The wording of 
this question for 2015 is given below:
Please provide us with your local address, so we understand how far you live from 
campus. Enter the closest intersection, the city, and zip code. Keep in mind that if your 
permanent address is not the same as your local address, that you should provide your 
local address.
Enter the closest intersection to your home. Please include both streets that cross. 
For example: Johnson & Laurel, California and Monterey, Foothill & Chorrow, etc. 
_______________________________
City ___________________________________
Zip ____________________________________
Many students provided addresses that were out of state or more than 200 miles away 
from San Luis Obispo, and some students with these very distant addresses indicated that 
they commuted to campus more four or five times per week. Anecdotally, we know that 
some students do indeed have long commutes to campus (perhaps as far as 30 miles), 
but the large number of very distant home addresses suggests that, in spite of the clari-
fying text asking respondents to indicate their local address rather than their permanent 
address, many students provided their permanent mailing addresses rather than the loca-
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tions from which they typically commute. Because of this irregularity in the data, we did not 
include commute distances from the 2015 survey in our analysis.
The issue of very long commute distances that students seemed to report in 2015 did not 
arise in the 2018 and 2019 surveys. In the 2018 survey, after indicating whether they live 
on campus, off campus in San Luis Obispo, or outside of San Luis Obispo, the survey 
asked respondents who indicated they lived off campus the following question:
Please answer for where you live locally when you are traveling to campus on a regular 
basis. This information will be kept confidential and is used for calculating your approxi-
mate distance to campus and to help plan facility needs around campus.
What intersection is nearest to your home? Please include both streets that cross.
Street 1: _____________________________
Street 2: _____________________________
Respondents who had indicated that they lived outside of San Luis Obispo were also 
asked to provide the name of their city and zip code.
In 2019, the survey prompted respondents to select their commute distance from a list of 
possible ranges, followed by the following optional question:
OPTIONAL, Where do you live? (Please indicate both cross streets for the nearest 
intersection)
Cross Street 1 ______________
Cross Street 2 ______________
City _____________________
Zip code _________________
For the 2018 and 2019 surveys, we calculated the commute distance for each respondent 
by calculating the driving distance from the provided cross streets to the main Cal 
Poly campus using the Google Maps Application Programming Interface (API), via the 
googleway package in R.9
The 2018 and 2019 surveys also prompted respondents to answer questions about their 
travel during the prior week (regardless of whether the respondent considered the prior 
week to be typical). The reference week for the 2018 survey was the week of Sunday, 
May 20–Saturday, May 26. Respondents to the 2019 survey answered questions about 
the seven days immediately preceding the day they took the survey. Since the survey ran 
from January 22 until February 1, the reference week included dates as early as January 
15 and as late as January 31.
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Both the 2018 survey and the 2019 survey also asked respondents to indicate the number 
of round trips they made to and from campus on each day of the reference week. The 2018 
survey asked respondents to indicate how many total round trips they made on each day, 
then asked them to indicate which of nine modes they used on each day. The format of this 
question made it impossible to estimate survey day mode shares for respondents who used 
multiple modes on the survey day (without making an arbitrary assumption about how the 
survey-day trips were distributed across modes). The 2019 survey corrected for weakness 
by combining these two questions and asking respondents to indicate how many trips they 
made to and from campus by each of nine modes during the reference week. 
For the 2019 survey, we calculated the vehicle miles traveled (VMT) for each campus 
community member by summing the number of estimated round-trips they made by each 
automotive mode. To estimate an individual’s VMT components for driving alone and for 
riding a motorcycle, we multiplied (a) the number of trips made by those modes over the 
course of the week by (b) the estimated trip distance, and then (c) doubled the product to 
account for round trips. 
For the 2019 survey data, we adjusted the VMT estimation for automotive modes with 
multiple passengers, including carpooling, being dropped off, and taking the bus, by making 
the same calculation as before, but then dividing by the number of passengers survey 
respondents indicated were in their vehicle. This correction factor helps to apportion the 
appropriate fraction of the VMT components for these modes among passengers, so as 
to avoid double counting trips and thereby over-estimating total VMT when summing VMT 
across the entire campus community.
We could not apply this correction factor to the 2018 survey data, because the 2018 survey 
did not indicate how many trips respondents made by each mode (a problem which the 
2019 survey corrected for). Instead, it indicated the total number of trips on each day, and 
whether the respondent used each of nine modes, as a yes-or-no question. To generate 
VMT estimates from this data, a correction         factor was generated based on 2019 data 
as follows: first, a low VMT value was calculated from both the 2018 and 2019 surveys 
corresponding to what each respondent’s VMT would have been if he or she had used 
each indicated motorized mode for only one survey-day trip; next, a correction factor was 
calculated from 2019 data as the ratio of this low VMT value to the actual VMT value; and 
finally, we estimated the 2018 VMT value by multiplying the 2019 correction factor by the 
2018 low VMT value. 
Weighting
Although only a sample of the overall campus population participated in the survey, the 
goal of our analysis was to estimate population-level statistics. Two facts complicate this 
effort. Firstly, different groups (e.g., gender, undergraduate vs graduate) responded at 
different rates. Secondly, different groups were found to use the different travel modes 
at different rates. Therefore, it would be inappropriate to simply scale up the sample to 
the population at the same rate for all individuals. We consequently develop and assign 
different “weights” for each respondent, based on their group membership, with higher 
weights for individuals in groups with lower response rates and lower weights for those 
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with higher response rates. For the purposes of this research, it was implicitly assumed 
that respondents are representative of the rest of the population within their group. 
In the surveys, respondents were assigned to one of four role groups: undergraduate 
students; graduate students; faculty; and staff. We weight all statistics presented in this 
report to adjust the sample to resemble the population proportion of those role groups. 
More specifically, each individual in a given role group was assigned a weighting factor so 
that the group’s weighted representation in the sample is the same as their proportion in 
the overall campus population. 
As is common in surveys, the samples were disproportionately comprised of women.10 
In addition to weighting individuals by their role group, these differences in response 
rates among men and women, in each role group, were corrected so that the weighted 
representations of men and women in the sample were equal to the proportions of men 
and women in each role group in the overall population. 
In the figures given below, 95-percent confidence intervals are shown based on standard 
errors that incorporate survey weights. The weighted survey responses are assumed to 
have the characteristics of a random sample.
USUAL COMMUTE MODE TO CAMPUS
In all three surveys, respondents were asked to identify the mode they usually” (2015 
and 2018) or “most frequently” (2019) use to travel to and from campus. Hereafter, this is 
referred to as a respondent’s “typical” mode. Figure 1 shows the variation in typical mode 
shares, over all individuals, for commutes to campus, for all survey years. As shown, there 
was a large reduction over time in the share of commuters walking to campus; between 
2015 and 2019, the share of commuters walking to campus was halved, dropping from 34 
percent to 17 percent. The increase in the share of commuters driving to campus mirrored 
this change with an increase of 16 percentage points from 30 percent to 46 percent. 
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Figure 1. Usual Mode Shares of Student and Employee Trips to and from Campus
Other changes in mode shares include a seven-percentage-point reduction in cycling from 
2018–2019, a three percent increase in public transit mode share from 2015–2018, and a 
three percent increase in carpooling from 2018–2019. The reduction in cycling between 2018 
and 2019 might be related to seasonal weather, since the 2018 survey took place in late 
May, and the 2019 survey took place in late January. However, San Luis Obispo does enjoy 
a moderate climate year round. The average temperature during the spring 2018 reference 
week was only 59 degrees Fahrenheit, and the average temperature during the winter 2019 
reference week was 55 degrees Fahrenheit, a difference of less than five degrees. 
As a university, Cal Poly’s campus population turns over at a relatively high rate: every 
year, a graduating class is replaced with a class of incoming students. In order to properly 
interpret the changes in mode shares shown in Figure 1, it is necessary to understand 
whether these changes represent behavioral changes by the same individuals or whether 
they stem from differences in travel habits between classes of entering students and 
classes of graduating students. We identified four sub-populations of the overall campus 
community who appeared in multiple surveys and represented approximately the same 
populations: the graduating class of 2021 (who would have been first-year students in 
the 2018 survey and second-year students in the 2019 survey); the graduating classes of 
2019 and 2020 (who would have been second- and third-year students in the 2018 survey, 
and third- and fourth-year students in the 2019 survey—these two classes were lumped 
together for simplicity); the graduating class of 2018 (who would have been first-year 
students in the 2015 survey and fourth-year students in the 2018 survey); and employees 
(while we recognize that there was some employee turnover between 2015 and 2019, we 
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assumed this to have been a relatively stable population). While the individuals included 
in each survey differed from year to year, the samples are taken from the same overall 
population from each group.
Figure 2 shows the changes in the proportions of each of the cohorts identified above that 
commuted to campus by driving alone during the reference week. Among employees, 
the proportion driving alone increased slightly across the three survey years, 95-percent 
confidence intervals among the three years overlap. For the class of 2018, the proportion 
driving alone doubled from 18 percent in 2015 (when those students were in their first 
year) to 36 percent in 2018 (when those students were in their fourth year). Most of these 
students had graduated by the time the 2019 survey was administered.
Figure 2. Within-Cohort Changes in Drive Alone Mode Shares, 2015–2019
The classes of 2019, 2020, and 2021 had not yet arrived on campus when the 2015 survey 
was administered, but for them as well, the proportions driving alone grew from 2018–
2019. The increase was especially pronounced among members of the class of 2021. 
These students were the first class of first-year students who were not permitted to park 
on campus, which likely explains the low proportion of students (11 percent) who drove 
alone to campus during the reference week. In 2019, upon being permitted to park on 
campus as they entered their second year, the estimated proportion of this cohort driving 
alone to campus nearly tripled, increasing from 11 percent to 31 percent. Over that same 
period, the proportion of the students in the classes of 2019 and 2020, who were second- 
and third-year students in 2018 and third- and fourth-year students in 2019, driving alone 
increased by a factor of about 1.5, from 29 percent in 2018 to 44 percent in 2019. 
Each cohort of students shown in Figure 2 increased their car-dependence over time. 
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However, this age effect alone is not enough to explain the increases in driving mode 
shares observed in Figure 1, suggesting that different cohorts also had different driving 
habits from each other. If all cohorts had the same proportion driving along in first year, and 
all cohorts had the same proportion driving alone by fourth year, then the overall proportion 
of all students driving alone to campus would be relatively consistent over time, which 
Figure 1 shows to be false.
Figure 3. Between-Cohort Differences in Drive Alone Mode Shares, 2015–2019
Note that Figure 2 shows within-cohort changes over time, and that groups of bars 
represent the same population, with shading to indicate the driving mode shares in each 
of three different years. In contrast, Figure 3 shows between-cohort changes over time, so 
that groups of bars represent two (for first-year students) or three (for all other students) 
separate (or in the case of second- and third-year students, overlapping) populations. 
Figure 3 shows differences in the proportion driving alone for students at three different 
ages in three different survey years. In all three survey years, the proportion driving alone 
was the highest among fourth-year students. Moreover, it is also the case that fourth-year 
students in later years had higher proportions driving alone than fourth-year students in 
earlier years. Over the time period covered by the three surveys, the proportion of fourth-
year students driving alone to campus increased by a factor of nearly 1.5, from 30 percent 
in 2015 to 44 percent in 2019. Increases over time in the proportions driving alone of the 
second and third year age-classes were equally dramatic, increasing from 25 percent in 
2015 to 39 percent in 2019. The 2019 survey did not ask first-year students about their 
usual commute mode to campus. The share of first-year students driving alone to campus 
decreased from 2015 to 2018, but the 95-percent confidence intervals for the proportions 
in each year overlap (the relatively low response rate from first-year students resulted in 
a wide confidence interval). As shown in Figure 2, the reduction in driving alone by first-
year students from 2015 to 2018, following the introduction of the prohibition on first-years’ 
parking on campus, did not persist when those students entered their second year, with 
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the later class of second years in fact driving alone at higher rates.
As students shifted towards increased rates of driving alone, the question arises as to 
which modes were they shifting away from. Figure 1 shows that the population increases in 
the overall proportion driving alone were mirrored by approximately equal decreases in the 
overall proportion walking. Figure 4 parallels Figure 2 in showing the mode walking mode 
shares within four sub-populations (three groups of students, plus employees) changed 
over time, where each set of bars represents the same population individuals from which 
the survey sampled. The share of employees walking to campus was consistently low 
(less than 2 percent) across all survey years. The most dramatic change over time in 
the proportion walking was among the class of 2018. Sixty percent of the class of 2018 
typically walked to campus during their first year; by their fourth year, this figure had fallen 
to 18 percent. Between 2018 and 2019, the proportion walking of the classes of 2019 and 
2020 also decreased, from 27 percent to 16 percent. Likewise, the proportion walking of 
the class of 2021 decreased from 2018 to 2019, but the 95-percent confidence intervals 
for those proportions overlap. 
Figure 4. Within-Cohort Changes in Walking Mode Shares, 2015–2019
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Figure 5. Between-cohort differences in walking mode shares, 2015–2019
As Figure 4 shows, some of the reductions in walking shown in Figure 1 are age effects: 
particular populations have lower proportions of people walking to campus as the members 
of that population get older. Figure 5 shows that cohort effects were less substantial. 
Students in each successive class of students were less likely to walk to campus than 
students in the previous class, but for the most part, the confidence intervals for walking 
mode shares overlapped between successive classes. The only exception to this was for 
the decrease from 36 percent of second- and third-year students walking to campus in 
2015 to 24 percent of second- and third-year students walking in 2019.
As Figure 1 shows, bicycling mode shares for the overall campus community were 
relatively consistent between 2015 and 2018, followed by a decrease of about seven 
percentage points from 19 percent in 2018 to 12 percent in 2019. Figure 6 and Figure 7 
show the breakdown of these changes into the changes for employees and for the three 
undergraduate cohorts. Figure 6 shows changes over time in the proportions bicycling 
within each cohort, and indicates that the class of 2018 underwent a substantial increase 
in cycling between 2015 (when they were first-year students) and 2018 (when they were 
fourth-year students). In contrast, for the classes of 2019 and 2020, the proportion cycling 
decreased between 2018 (when they were second- and third-year students) and 2019 
(when they were third- and fourth-year students). 
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Figure 6. Within-Cohort Changes in Bicycle Mode Shares, 2015–2019
Figure 7 shows the differences in bicycling mode shares between successive cohorts, 
for three different years, and indicates that the there was a substantial decrease in the 
proportion of second- and third-year students commuting to campus by bicycle between 
2018 and 2019. There was also a decrease over time in the proportion of fourth-year 
students cycling. 
Figure 7. Between-Cohort Differences in Bicycle Mode Shares, 2015–2019
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As Figure 8 and Figure 9 show, in 2015 the share of first-year students (class of 2018) 
commuting to campus by transit was especially low. In the 2018 survey, when those students 
were in their fourth year, their proportion commuting by transit had increased to be more 
similar to those of other cohorts (Figure 8). Subsequent classes of first-year students had 
transit mode shares that were more similar to those of other students (Figure 9).
Figure 8. Within-Cohort Changes in Transit Mode Shares, 2015–2019
Figure 9. Between-Cohort Differences in Transit Mode Shares, 2015–2019
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Figure 10 shows that the share of employees carpooling to campus decreased by about 
four percentage points from 13 percent to 9 percent between 2015 and 2019. For each 
of the student cohorts, the 95-percent confidence intervals for the proportions of students 
commuting by carpool in each year overlapped with those for other years. However, as 
shown in Figure 11, the entire 95-percent confidence interval for the proportion of fourth-
year students carpooling in 2019 is greater than the entire 95-percent confidence interval 
fourth-year students carpooling in 2015.
Figure 10. Within-Cohort Changes in Carpool Mode Shares, 2015–2019
Figure 11. Between-Cohort Differences in Transit Mode Shares, 2015–2019
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COMMUTE DISTANCE
Some of the increased reliance on driving over time described in the previous section 
might be explained by increasing distances between campus and the homes of Cal Poly 
students and employees. Figure 12 shows that the average commute distance to campus 
of members of the Cal Poly community increased from 5.3 miles in 2018 to 6.4 miles in 
2019, which likely means that fewer students and employees lived within walking distance 
of campus at the time of the 2019 survey than at the time of the 2018 survey.
Figure 12. Change in Average Commute Distance for Students and Employees, 
2018–2019
Figure 13 shows that, while the average commute distance of Cal Poly employees may 
have increased slightly between 2018 and 2019, the 95-percent confidence intervals for 
the average commute distances in those two year overlap. Likewise, students in the class 
of 2021 had about the same commute distances to campus as second-year students that 
they did as first-year students. Members of the classes of 2019 and 2020 seem to have 
moved further away from campus between the 2018 and 2019 surveys; their commute 
distances increased from about 3.7 miles to about 5.1 miles.
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Figure 13. Within-Cohort Changes in Average Commute Distance, 2018–2019
Figure 14. Between-Cohort Differences in Average Commute Distance, 2018–2019
Figure 14 shows that there were not substantial increases in commute distances to campus 
between successive classes of first- and second-year students from 2018 to 2019. 
CAMPUS TRIP GENERATION
Figure 15 shows that the number of weekly round trips that members of the Cal Poly 
community made to campus increased between 2018 and 2019, but that the 95-percent 
confidence intervals for the two years overlap. Figure 16 shows that students in the classes 
of 2019 and 2020, and in the class of 2021 increased their number of weekly trips to 
campus between 2018 and 2019. 
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Figure 15. Change in Weekly Round Trips to Campus for Students and Employees, 
2018–2019
Figure 16. Within-Cohort Changes in Weekly Round Trips to Campus, 2018–2019
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Figure 17. Between-Cohort Differences in Weekly Round Trips to Campus, 2018–
2019
Figure 17 shows a five-fold increase in the number of trips to and from campus by first-year 
students, from 2018 to 2019. This is likely because of differences in the way the question 
was phrased in the two surveys, such that students in 2018 would have interpreted the 
question as referring to the number of trips from their on-campus residences to off-campus 
locations, and students in 2019 interpreted the question as referring to the number of 
trips from their on-campus residences to other on-campus locations. At Cal Poly, first-year 
students are required to live on campus, and continuing students are not.
COMMUTE-GENERATED VEHICLE MILES TRAVELED
Changes in campus-generated VMT can arise from a combination of three behavioral 
changes by members of the campus community: changes in the commute distance to 
campus; changes in the frequency of trips to campus; and changes in the share of trips to 
campus that take place by car (transit trips were not assumed to influence campus-generated 
VMT, since transit routes and schedules are determined by the city-operated transit agency). 
As described in the preceding two sections, while the frequency of travel to campus by 
members of the campus community did not increase between 2018 and 2019, the average 
commute distance did increase by about one mile, and the share of commute trips taking 
place by single-occupancy vehicles increased from 35 percent to 46 percent. Combined, 
these changes resulted in a 30 percent increase in average weekly VMT per person, from 
50 miles per person per week in 2018 to 65 miles per person per week in 2019. 
CONCLUSION
This chapter began by listing four potential explanations for the increase in campus-
generated VMT observed in Figure 1: 
Mineta Transportat ion Inst i tute
22
Changes in Campus Travel
1. Immediate effects of the introduction of a 2018 campus parking policy change that 
prohibited first-year students living on campus from parking on campus.
2. Lasting effects of the above policy that persist as the first-year students who had 
been prohibited from parking on campus enter their second year.
3. Changes in the habits of the individuals commuting to and from campus (unrelated 
to changes in parking policy).
4. Replacement of graduating students with incoming students with different habits 
(unrelated to changes in parking policy).
This chapter then investigated the relative roles of these potential explanations.
Student cohorts were observed to become more car-dependent and to live further from 
campus as they age from their first year to their fourth year (as shown in Figures 2, 4, 6, 
8, 10, and 12). This effect would not necessarily result in increases in overall increases 
in driving over time, since the oldest, most car-dependent group (fourth-year students) 
graduates each year and is replaced by a less car-dependent group (first-year students). 
However, the results of successive surveys also suggest that younger cohorts of students 
(e.g. the class of 2021 relative to the class of 2020) are increasingly car-dependent (as 
shown in Figures 3, 5, 7, 9, and 11). For example, second-year students in 2019 had about 
the same commute distances as the previous year’s second-year students, but were more 
than 30 percent more likely to drive alone to campus.
The restriction on on-campus parking for first-year students was followed by, and 
presumably caused, a reduction in the proportion of first-year students driving alone to and 
from campus. Based on studies that suggest that experience with alternatives to driving 
alone makes people less car-dependent later in life, it was expected that this reduction 
in driving might persist into these students’ second year, even once the restriction on on-
campus parking was lifted.11 If this was the case, we would expect students who were first-
years in 2018 to be less likely to drive to campus during their second year than previous 
classes of second-year students had been. However, the opposite appears to have 
occurred. Second- and third-year students in 2019 were even more likely than their 2018 
counterparts to drive alone to campus.
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BACKGROUND
VMT estimation has always been a challenging problem, with a variety of models being used 
in a variety of contexts.12 The challenge is even more acute in “special generators” such as 
college and university campuses, which have users with unique travel patterns, compared 
to other land uses and facilities.13 Although the exact criteria for what constitutes a special 
generator can vary, in general, the term tends to describe any facility or land use whose 
traffic demands do not follow a typical, AM/PM peak trip generation pattern. Examples of 
special generators include colleges and universities, hospitals, sporting and event arenas, 
and military bases.14 A special challenge for college and university trip generation models 
relates to the fact that these facilities typically also contain a variety of traditional land uses 
within the campus limits (e.g., residential, commercial, recreational, office, etc.), constantly 
have people entering and leaving campus, and may even have other special generators 
within their limits (e.g. associated research hospitals). The challenge that this presents to 
regional TDM measures and metropolitan planning organizations (MPOs) has been noted 
by Garikapati et al.15
In order to quantitatively model the specific trip generation patterns typical of universities, 
travel surveys have proven to be a useful tool, since they allow for a rich data set, with a 
variety of individual-level data on traveler characteristics known to influence travel behavior. 
In many cases, there is no other way to collect this data. Specific applications of the survey 
data include simple assessments of whether different student populations have different 
travel patterns and more thorough travel demand models constructed using survey data 
(e.g., Maricopa Association of Governments).16 
Travel surveys are also used to understand the nature of the impact of the transportation 
system on the environment. Many universities, including Cal Poly, are creating “Climate 
Action Plans,” with strategies to reduce campus VMT, informed by travel surveys.17 A 
few universities regularly conduct annual travel surveys; for example, the University of 
California, Davis conducts annual travel surveys to understand its campus travel demand 
and behaviors (up-to-date data on the most survey is available publicly at https://its.
ucdavis.edu/campus-travel-surveys/). 
While travel surveys are applied widely, the weaknesses of this approach have been well-
documented, including biases and resulting errors.18 There are a number of publications 
that offer solutions and case studies of how to best manage these issues.19 One of the 
biggest issues with most travel behavior surveys is the problem of low response rates; 
statistically, this means that any analysis performed on the data has limited precision and 
accuracy. Lower-response rates among certain demographics of the campus community 
also present a challenge. 
With such uncertainty presented by the use of survey data alone, it can be helpful to seek 
additional data sources to augment the findings from the survey data. Transportation 
planning and engineering consultancy group Fehr & Peers conducted a 2017 VMT 
analysis for the Stanford University campus that utilized cordon counts and survey 
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data, in conjunction with the Santa Clara Valley Transportation Authority regional travel 
demand model, in order to estimate the annual VMT for the Stanford campus.20 Among 
the novel techniques they used to augment the survey information, one of the more 
exciting is the use of mobile device data for estimating travel demand. It is well beyond 
the capabilities of the average transportation practitioner to process raw mobile device 
data and use sophisticated analyses to identify, categorize, and clean singular “trips”; 
accordingly, a number of companies provide services which analyze and package mobile 
device data from third-party vendors for use in practice. Within the transportation data 
industry, these vendors include AirSage, CitiLogik, and StreetLight Data (SLD). SLD, 
the vendor which provided data for this study, is a subscription-based web platform. It 
allows users to define their own boundaries and analysis parameters, even including a 
web mapping interface for direct creation of traffic analysis zones (TAZs). These user 
capabilities distinguish it from other similar vendors. 
Turner, of the Minnesota Department of Transportation, compared the mobile device 
data on traffic volumes to data collected by both permanent (69 locations) and temporary 
(8,700 locations) traffic counting devices.21 The most relevant finding for this research 
was that mobile device data tends to overestimate vehicle counts. Additionally, it was 
found that estimates were more accurate for locations with higher annual average daily 
traffic (AADT). It is also worth mentioning that the study was originally intended to also 
include data from other providers, but two other companies (which are not named) 
decided not to participate in this study. There has also been some research about the 
potential accuracy and privacy issues of the mobile device data sources. Johnson and 
Smith considered the broader implications of trying to replacing traditional surveys with 
big data applications.22 Johnson and Smith noted the issue of transparency, or lack 
thereof, in big data sets like mobile device data.23 This poses not only analytical issues 
but also issues of ethics and reproducibility; that is why, for this research, we examined 
the mobile device and survey data along with data from pneumatic tube counters (PTCs), 
which may be considered as direct observations of traffic volumes rather than estimates 
based on sampled data. PTCs are one of the most common methods of collecting data 
on average daily traffic (ADT). These devices use two pressurized rubber hoses laid 
across a roadway, registering a vehicle when it drives over the hose. Many of these 
devices also have classification abilities, to collect more specific information about the 
quantity and types of vehicles using a particular route. Although PTCs are ubiquitous, 
there is surprisingly little research on their overall accuracy and reliability. McGowen 
and Sanderson compared hand-counts to PTC data at four project sites in Montana, 
and found that the total error—the difference between PTC and hand count, divided by 
hand count—was around 4 percent for these sites.24 Similarly, a 2014 study examining 
a variety of traffic counting methods in Minnesota calculated that approximately seven 
percent of measurements conducted with a PTC disagreed with those of loop-piezo-piezo-
loop (LPPL) road detectors, which detect vehicles though permanent magnetic loops 
installed in the road rather than with temporary pneumatic tubes laid across the surface 
of the road.25 Finally, Weible examined the accuracy of these devices when placed in 
various orientations along the roadway (i.e., slanted or perpendicular placement on the 
roadway).26 PTCs installed perpendicular to the roadway performed best at 0.85 percent 
total error (the difference between manual counts and PTC divided manual counts) while 
some slanted orientations produced errors as large as 18.5 percent. 
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Based on the aforementioned findings from the literature review, this work proceeded with 
three different sources of data. These sources provided some information that could be 
compared among survey data, mobile device data, and PTC data, and provided some 
measures of the robustness of the estimates. 
DATA COLLECTION DETAILS
This chapter compares the results from the recent survey with the estimates obtained from 
the mobile-device data from StreetLight Inc. (StreetLight Data or SLD) and Pneumatic Tube 
Count (PTC) data collected by the authors of this paper. PTCs were placed at the three 
primary entrance and exits to campus, as shown in Figure 18. These were left in place for a 
five-day period, from Monday, May 21, 2018 to May 25, 2018, which was the business 
week referred to in the survey. Counts were recorded on an hourly basis and were also 
classified by transportation mode. Note that Longview Lane is accessible only by bike. 
Counters were placed there (as shown in Figure 18) to collect bicycle volumes, but it was 
not included in the analysis of vehicular traffic. 
Figure 18. Approximate Positioning of the PTCs
In a similar manner, an analysis was conducted using the SLD platform, with zones defined 
at approximately the same location as the PTCs to allow for direct comparison (Figure 19). 
At each location, a “zone” was created using the SLD mapping tool. In order to mimic 
the PTC, we used a small rectangular polygon as a zone. With such a small zone, any 
detected trips should represent a pass-through trip, thus acting as a screen line providing 
counts analogous to the PTCs. In Figure 20, the red box represents the “zone” or a screen 
line for the Highland Dr location shown on the extreme left of Figure 19. Note that all “zones” 
in this study were defined as bidirectional zones, meaning that the SLD counts obtained for 
each “zone” contain pass-through trips in both directions, with no differentiation between 
inbound and outbound trips.
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Figure 19. Location of SLD “Zones” or Screen Line
Figure 20. Screen Capture of the SLD Zone Mapping Interface
The results from the PTC and SLD can be compared with the survey data results, potentially 
augmenting the information obtained from each source. 
RESULTS 
Table 2 summarizes the important respondent categories used in estimating VMT from 
the survey data. Here, the number of responses received (i.e., the sample size) and the 
total reported population for each category is used to estimate the weight assigned to 
each response from that user group. The process is akin to the one used to estimate 
weights based on demographic characteristics of the respondents (such as age, race, and 
income level) in most other surveys. These faculty/staff/student categories were deemed to 
represent the greatest difference in commuting habits and are therefore used herein. Note 
that this is a simplified weighting method that results in slightly different weights than the 
ones used in Chapter 2. The more detailed weighting method presented in Chapter 2 was 
required to make more reliable comparisons among campus subpopulations. 
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Table 2. Travel Survey Response Summary
Respondent Category Number of Responses Reported Population1 Response Rate Response Weight 
Faculty, Full-time 214 822 26.03% 3.84 
Faculty, Part-time 56 596 9.40% 10.64 
Staff, Full-time 544 1,138 47.80% 2.09 
Staff, Part-time 22 532 4.14% 24.18 
Undergraduate, 1st Year 239 5,253 4.55% 21.98 
Undergraduate, 2nd+ Year 1,306 16,044 8.14% 12.28 
Graduate 80 891 8.98% 11.14 
Total 2,461 25,276 9.74% - 
1 Reported figures from Spring Quarter of 2017–2018 academic year 
The weighted survey data can be used to determine the number of trips undergone by driving 
alone, and to estimate the total vehicular traffic at each campus entrance/exit (estimated 
based on another question in the survey) for each day of the week, allowing us to compare 
the data from the survey, PTCs, and SLD as shown in Table 3. Although the numbers do 
not match exactly, it can be seen that estimates from all the data sources have similar daily 
patterns. The aggregate/total counts for PTC and SLD are also similar. This provides some 
evidence of the validity of the survey data. There is a noticeable divergence in the results 
between the PTC and SLD values for California Boulevard and Grand Avenue; however, the 
divergence is consistent with Turner’s finding that mobile device data tends to overestimate 
traffic volumes, relative to observations collected by traditional traffic counting devices.27 
Table 3. Comparison of Total Trip Generation Values By Data Source
Street Source 
Automobiles 
Mon Tue Wed Thu Fri 
California 
Survey 452 506 511 504 407 
PTC 5487 5864 5532 5546 4889 
SLD 8422 9261 9218 8056 7543 
Grand 
Survey 432 463 455 445 395 
PTC 6998 7367 7965 8582 8525 
SLD 5888 5950 6521 6509 6855 
Highland 
Survey 261 293 286 279 215 
PTD 5412 5667 5946 5998 4800
SLD 3956 4511 4645 4136 4293 
Total 
Survey 1,145 1,262 1,252 1,228 1,017 
PTC 17,906 18,915 19,450 20,140 18,224 
SLD 18,266 19,722 20,384 18,701 18,691 
There are a reasons to expect differences among trip generation estimates based on 
data from SLD, PTCs, and survey results. Estimates from SLD and PTCs are designed to 
include all vehicles that enter and leave campus. In contrast, the campus travel survey only 
includes regularly occurring commute by members of the Cal Poly community (students, 
faculty, and staff). Additionally, for SLD, the platform only allows users to obtain the average 
of ADT values on the same day of the week for a given month (i.e., not specific days). 
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The relationship between PTC and SLD data can be assessed by plotting the reported 
PTC and SLD values for each entrance and day, as shown in Figure 21, where the dashed 
line represents agreement between the two data sources, points above the dashed line 
indicate that SLD estimates were higher than PTC data, and points below the line indicate 
that SLD estimates were lower than PTC data. In contrast to Turner’s finding that mobile 
device data consistently underreports traffic volumes, relative to data from automatic 
traffic counters, there is no clear trend here, possibly due in part to the small sample 
size of comparison (over just five days).28 In two thirds of instances, it would appear that 
the SLD estimate is lower than the PTC counts, and in the remaining one third the SLD 
estimate is higher. With differences that can range between around 1000–4000 vehicles, 
this raises concerns about the accuracy of the SLD data. 
Figure 21. Relationship Between PTC and SLD Data Estimates
To be able to estimate the VMT, one also needs an estimate of the length of trips. 
Table 4 shows the reported proportion of trips with lengths in between the specified number 
of miles, for the SLD and for the survey data. This provides a discrete trip length distribution 
for each entrance as well as the average distance, in miles, of trips passing through each 
entrance. These results are also visualized in Figures 22–24, showing the values for each 
entrance/exit. Here, the discrepancies between the two values might be attributable to 
trips to and from campus by occasional campus visitors who are not Cal Poly students or 
employees and were thus not included in the survey data. Survey sampling error and SLD 
aggregation methods may also play a role.
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Figure 22. Proportional Trip Length Distribution at California Boulevard
Figure 23. Proportional Trip Length Distribution at Grand Avenue  
Figure 24. Proportional Trip Length Distribution at Highland Dr.
Finally, with the necessary inputs determined, VMT estimates were calculated by multiply-
ing SLD trip generation by SLD trip lengths. The results are shown in Table 5 below. These 
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show the cumulative number of annual VMT (in millions or MVMT) attributable to the role 
group and vehicle type driven, as well as the annual campus VMT per capita, and the per-
centage of total annual campus VMT attributable to each role group. 
Table 5. Estimated VMT (in Millions) By Respondent Category and Vehicle Type
 Student Faculty and Staff All 
 
MVMT 
Per 
Capita 
VMT 
% Total 
VMT MVMT 
Per 
Capita 
VMT 
% Total 
VMT MVMT 
Per 
Capita 
VMT 
% Total 
VMT 
Gas 39.73 1791 74.1% 13.21 9316 24.6% 52.93 2094 98.7% 
Electric 0.00 0 0.0% 0.33 233 0.6% 0.33 13 0.6% 
Motorcycle 0.21 9 0.4% 0.16 113 0.3% 0.37 15 0.7% 
Total 39.93 1800 74.5% 13.69 9654 25.5% 53.63 2122 100.0% 
DISCUSSION 
Our analysis yielded a VMT value of 53.63 million vehicle-miles generated by Cal Poly 
campus on an annual basis. Since the survey data are meant to capture a specific subset 
of trips to and from the Cal Poly campus, VMT and trip generation estimates from the PTC 
and SLD data are not directly comparable with the results of the campus travel survey. 
However, their differences do highlight important shortcomings of reliance on campus 
travel surveys to estimate campus-generated VMT. In particular, the survey will not capture 
trips by people who are not Cal Poly students or employees and therefore would not have 
taken the campus travel survey. While such individuals may travel to campus infrequently, 
their trips are commonly from larger metro areas such as San Francisco and Los Angeles, 
so they may have an outsized effect on VMT. 
It is also difficult to compare this estimate with other campuses since most campuses 
do not have an easily accessible, public VMT estimate available. Table 6 shows VMT 
estimates from other campuses in California that we were able to locate, along with some 
characteristics that may contribute to variation in VMT. 
Table 6. Comparative Campus Characteristics of Select Universities with Publicly 
Available VMT Estimates
Campus Year VMT (Millions) 
Campus 
Population 
Main Campus 
Acreage Other Considerations 
Stanford University 2015 143.21 38,8511 8,1803 Many stadiums and venues plus a hospital 
University of 
California, Davis 2010 91.6
2 40,2092 5,3004 A high proportion of bicycle riders 
Cal Poly 2019 53.6 25,276 1,3215 Fairly far from a large metropolitan area; is the major employer within the area 
References: 1 Fehr & Peers, 2017; 2 Lovejoy, 2010; 3 University, Stanford, & California 94305, n.d.; 4 “Campus and 
Student Life at UC Davis | UC Davis Grad Studies,” n.d.; 5 “Our Campus - About Cal Poly - Cal Poly, San Luis 
Obispo,” n.d. 
SLD and mobile device data, in general, hold great potential and in the future may grant 
researchers access to data otherwise not available by traditional means. As it relates to our 
research, one of the most promising aspects of SLD and other mobile device data services 
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is the ability to define custom TAZs. This ability allowed us to define sub-zones within the 
campus so as to account for different entrances. One issue that may present itself in use 
of SLD for long-term travel pattern evaluation is that the underlying algorithm is always 
evolving and future revisions to the SLD algorithm may not yield the same results, even if 
no inputs have changed (e.g. if “zones,” analysis method, times, etc. are the same). This 
could potentially make it difficult not only to reproduce results but also to compare future 
studies of those same areas. 
Finally, in the case of the PTCs, it might be beneficial to take similar readings throughout 
the year—ideally at a high frequency, for example, once per quarter—to help account for 
potential seasonal effects. These proportions could be used to verify the survey results for 
each quarter (assuming the same proportion of trips each quarter would be attributable to 
Cal Poly students, faculty, and staff), to provide a better estimate of the campus VMT. 
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IV. ESTIMATING GREENHOUSE GAS EMISSION FROM 
VEHICLE MILES TRAVELED
Transportation is the largest source of greenhouse gas (GHG) emissions in California, 
contributing to 39 percent of total GHG emissions in 2016.29 Not surprisingly, transportation 
dominates the campus GHG inventory at Cal Poly, accounting for more than half of total 
GHG emissions.30 Accurately estimating GHG emissions of surface transportation requires 
a good understanding of vehicle characteristics, travel behaviors and emission rates under 
various conditions. Vehicle energy consumption and GHG emissions can be influenced 
by a number of factors, including: (1) activity (for example, the frequency and distance of 
one’s commute); (2) system infrastructure and mode choice (for example, road conditions, 
urban form, and choosing to drive or take public transit for the commute); (3) vehicle and 
engine design and usage patterns (for example, gross vehicle weight and speed); and (4) 
fuel carbon intensity (for example, gasoline versus diesel).31 However, it is challenging to 
gather data on all these variables for a given institution, so analysts may rely on regional 
averages for GHG inventory analyses. Hereafter, these regional averages are referred to 
as aggregated emissions factors, and their use is referred to as an aggregated approach 
to GHG emissions estimation. Institutional travel surveys, including campus travel surveys 
that include questions about vehicle and trip characteristics allow for the use of separate 
emissions factors for each vehicle. Hereafter, these are referred to as disaggregated 
factors, and their use is referred to as a disaggregated approach. 
In the previous chapters, we evaluate the effects of campus travel demand strategies 
and land use changes on the mode choice of students and employees on a university 
campus. In this chapter, we will focus on the GHG emissions resulting from those choices 
of commute transportation mode. For the GHG analysis, we use both the aggregated 
emission factors and the emission factors that are disaggregated by speed and vehicle 
model year and compare the results from using the two methods. The following sections 
describe the methods and data sources, and discuss the results and implications. 
METHODS AND DATA
The travel mode choice data and weekly travel profiles were based on the travel survey that 
we conducted in 2018. Annual VMT was estimated by multiplying weekly travel distances 
by the number of weeks that employees and students spent commuting to campus. The 
commute period was assumed to be 46 weeks for faculty members and staff and 38 weeks 
for students. The GHG estimation is based on two methods (Eq. 1 and Eq. 2). The first 
method relies on aggregated emission factors that already factored in speed and vehicle 
model year. The second method takes into account the variations by speed and vehicle 
model year in calculating the emission factors.
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… Eq. 1
… Eq. 2
     where
           i = mode (10 modes in the survey)
           j = fuel type (gasoline, diesel or electricity) 
           s = speed (from 5 to 65 MPH)
           k = vehicle model year (from 1974 to 2018)
           r = role on campus (students or faculty and staff)
           VMT = annual vehicle mile traveled 
           EF = emission factors (gCO2e/mile)
The Emission Factor (EMFAC) model estimates on-road mobile vehicle emissions of major 
criterial pollutants and GHGs at various scales of geographic concentration in California.32 
California state and local governments have used different versions of the EMFAC model 
for decision making on policies and programs to fulfill requirements under the Clean 
Air Act (CAA). Currently there are two versions of the EMFAC model: EMFAC2014 and 
EMFAC2017. The US EPA has approved the use of EMFAC2014 for the purposes of state 
implementation plan (SIP) and transportation conformity.33 The California Air Resources 
Board (CARB) has used EMFAC2017 for the on-road transportation sector in the 2018 
edition of the statewide GHG emissions inventory.34 For cars and motorcycles, emission 
factors from both EMFAC2014 and EMFAC2017 were used for the GHG analysis. For 
business-related air travel, emissions factors were obtained from US EPA.35
The VMT breakdowns by fuel type and speed were obtained by multiplying total VMT 
estimates, calculated from the survey, by regional shares, obtained from the EMFAC 
model. The VMT breakdown by vehicle model year was based on the survey results. 
Estimates of GHG emissions will be organized by four categories: (1) Method 1, using 
EMFAC2014 emission factors and Eq. 1; (2) Method 2, using EMFAC2014 emission 
factors and Eq. 2; (3) Method 3, using EMFAC2017 emission factors and Eq. 1; (4) Method 
4, using EMFAC2017 emission factors and Eq. 2. 
RESULTS AND DISCUSSION
VMT Estimation
Given that active transportation modes, such as walking and bicycling, do not result in 
GHG emissions, annual VMT was estimated only for gas-powered vehicles. As indicated 
in previous chapters, the annual total VMT for 2018 was estimated to be 43.9 million 
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miles, with students contributing to approximately 64 percent and faculty members and 
staff contributing to 36 percent of this total. The breakdown of VMT by vehicle model year 
within each group (Figure 25) indicate that 61.6 percent of students’ distance traveled 
was completed by newer vehicles (manufactured on or after 2006), while 76.7 percent of 
distance traveled by faculty members and the staff was completed with newer vehicles. 
According to US national statistics, the average fuel efficiency of light-duty passenger 
vehicles has increased from 28 miles per gallon (mpg) in 1980 to 37.7 mpg in 2016.36 
Besides the differences in total VMT by campus role, the difference in VMT breakdowns by 
vehicle model year within the two groups will also directly affect GHG emissions. 
Figure 25. VMT Breakdowns for Non-PEV Light-Duty Vehicles by Vehicle Model Year 
`
GHG Emissions Estimation
Total GHG emissions estimates range from 12406–13081 metric tons in CO2e, depending 
on the specific estimation method used (Figure 26). Across all four sets of results, total 
emissions from students using gas-powered vehicles were consistently found to be the 
largest source of commute-related GHG emissions on campus. 
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Figure 26. GHG Emissions Estimation by the Method
EMFAC2017 reported emissions factors for N2O, CH4, and CO2, while EMFAC2014 only 
reported emission factors for CO2. The combined GHG emission factors in EMFAC2017 
are slightly greater than those in EMFAC2014. This explains why Method 3 and Method 
4 yields higher emissions than Method 1 and Method 2, respectively. Another difference 
originated from the decision whether to disaggregate VMT by speed and vehicle model 
year and use varying emission factors, or whether to use average emission factors. The 
disaggregated approach generally results in higher emissions estimates (Method 2 as 
compared to Method 1 and Method 4 as compared to Method 1).This suggests that the 
overall fleet of vehicles used for commuting to Cal Poly has a higher average GHG emission 
rate than the overall fleet of vehicles in the San Luis Obispo region. 
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V. CONCLUSION
University campus travel surveys offer an opportunity to study a question critical to 
the future of sustainable mobility: do people make particular transportation choices 
because of the characteristics of the places where they live, or do they choose to live in 
a particular place because it allows them to make the transportation choices they prefer? 
Universities can relatively easily constrain students’ residential location and commute 
transportation mode choices through implementation of parking and housing policies. 
This work attempted to estimate travel choices through survey data, complemented by 
mobile device data and PTC data. 
SUMMARY OF FINDINGS AND SUGGESTIONS FOR FUTURE WORK
Between 2018 and 2019, the frequency of travel to campus by individual members of 
the campus community did not increase; the average commute distance increased by 
about one mile; and the share of commute trips taking place by single-occupancy vehicles 
increased from 35 percent to 46 percent. Combined, these changes resulted in a 30 
percent increase in average weekly VMT per person, from 50 miles per person per week 
in 2018 to 65 miles per person per week in 2019. The restriction on on-campus parking 
for first-year students did reduce the share of first-year students driving alone to and from 
campus. Based on studies that suggest that experience with alternatives to driving alone 
makes people less car-dependent later in life, it was expected that this reduction in driving 
might persist into these students’ second year, even once the restriction on on-campus 
parking was lifted; however, this was found not to be the case.37 Findings from mobile 
device data reveals that the travel survey may be underestimating the VMT, since it only 
includes regular (e.g. daily or weekly) commutes by members of the community, and does 
not account for occasional (and potentially long-distance) travel to the campus by people 
who are not affiliated with Cal Poly, such as campus visitors. These trips are relatively 
few, but are typically more than 100 miles long, originating from larger metro areas of Los 
Angeles or the San Francisco Bay Area. Some of these trips are by prospective students 
that may be captured through addition of survey questions that ask current students about 
their past visits to campus when they were still prospective students.
Johnson and Smith noted that there is an issue of a lack of transparency in big data sets, 
like those of mobile device data.38 This raises not only analytical issues but also issues of 
ethics and reproducibility. For this reason, for this research we examined the mobile device 
and survey data along with data from pneumatic tube counters (PTC). Future work in this 
area may include long-term count studies conducted over multiple academic terms. One 
issue that may present itself in use of SLD for long-term travel pattern evaluation is that 
the underlying algorithm is always evolving and future revisions to the SLD algorithm may 
not yield the same results, even if no inputs have changed (e.g. “zones,” analysis method, 
times, etc. are the same). This could potentially make it difficult to not only reproduce 
results but also to compare future studies of those same areas. This may necessitate 
exploration of other mobile data sources beyond SLD.
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ABBREVIATIONS AND ACRONYMS 
 
AADT Annual Average Daily Traffic
ADT Average Daily Traffic
CAA Clean Air Act
CARB California Air Resources Board
CH4 Methane
CO2 Carbon dioxide
CO2e Carbon dioxide equivalent
EMFAC Emission Factor
EV Electric Vehicle
GHG Greenhouse Gas
LPPL Loop-piezo-piezo-loop
MPO Metropolitan planning organization
MVM Million vehicle miless
N2O Nitrous oxide
PEV Plug-in electric vehicle
PTC Pneumatic Tube Counter
SIP State Implementation Plan
SLD StreetLight Data
TAZ Traffic Analysis Zone
TDM Travel demand management
USDOT United States Department of Transportation
US EPA United States Environmental Protection Agency
VMT Vehicle Miles Traveled
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